A chest X-ray must not be omitted, for the finding of round well-defined metastases in the lungs, which show very little change over a long interval, enables the radiologist to make a fairly confident diagnosis. ACKNOWLEDOMENTS
Bone Changes in Myelosclerosis
Department of Diagnostic Radiology, Manchester Royal Infirmary MYELOSCLEROSIS is a rare disease of unknown aetiology occurring in later life and characterized by leuco-erythroblastic anemia, progressive splenomegaly, obliteration of' the normal bone-marrow by fibrous tissue and frequently by cancellous bone. Many cases appear to have been described under various other titles such as Myelofibrosis, Osteosclerosis, Osteomyelo-reticulosis, Aleukaemic Ossifying Myelosis and Megakaryocytic-Leuktmia. Some writers refer to primary and secondary myelosclerosis. I shall describe the primary or idiopathic form. The secondary type refers to the sclerosis which occurs in bone as a result of other conditions, such as Generalized Osteoblastic Carcinoma; Osteitis Deformans; Hodgkin's Disease; Syphilis and Post-radiation Sclerosis.
The present study is based on a detailed investigation of 28 cases of the disease by Leonard et al., in the Manchester Royal Infirmary. I propose to summarize the findings and correlate the radiological appearances with these.
The sex distribution of cases was equal in the series. The onset of the disease was insidious and was frequently unnoticed until it was well established. The majority of patients were over 45 years and presented with symptoms of:
I. Anemia, such as dyspnoea, tiredness and angina pectoris. II. Splenomegaly, such as a heavy feeling in the abdomen or distension after meals. III. Bone involvement, such as deep-seated pain in the shoulder or hip-joint regions and occasionally over the shafts of long bones. It is interesting to note that the patients who complained of bone pain showed wellmarked radiological bone changes.
[Dr. Mulcahy then reviewed the changes seen in the peripheral blood and bone-marrow and stated that sternal marrow aspiration was impossible in 50% of cases. He showed several photomicrographs of bone-marrow taken from biopsy specimens and pointed out that the quantity of new bone deposited upon the trabeculb varied considerably from case to case, observing that the degree of change noted on the bone films was related to this.] I have examined the skeletal survey films of 19 cases where the diagnosis was confirmed by bone biopsy. In 10 there were no detectable abnormalities. 9 showed X-ray changes of varying degrees. Of these, 4 were abnormal on casual inspection. The remaining 5 showed definite but less well-marked changes.
The bones most frequently involved are those of the central skeleton. The changes are less conspicuous towards the periphery. The bones distal to the elbow-joint are normal in all cases and I have only seen bone involvement below the knee-joint once.' No skull changes are present in any of the cases. These findings agree with those of other observers. Some difficulty may be experienced in detecting the earlier changes, but Brailsford (1953) of similar areas in normal cases. I have found this valuable, but there is such variation in the structure and architecture of normal bones that I have used several control films for each site because of difference in sex, age and bone size.
In some cases the earliest detectable changes consist of a widening and increased prominence of trabeculation against a background of slightly increased density. Other cases show patchy ill-defined areas of sclerosis, an appearance which may occasionally be mistaken for metastatic deposits. Others show larger areas of generalized amorphous or granular increase in density in which the spongiosa architecture cannot be identified. This appearance is usually found in the ischium pubis and ribs, where trabeculation is normally fine.
In more advanced cases, the ordered well-defined medullary pattern is replaced by coarse irregular trabeculh which have ill-defined edges. The inner margin of the cortex is sometimes uneven and poorly differentiated from the medulla.
Vaughan and Harrison (1939) have described, in addition to other changes, a marked decreased density of cortical bone together with subperiosteal new bone formation. I believe their cases were more advanced than those which I have reviewed. The longest observed "ADDENDUM.-Since this paper was delivered I have seen two advanced cases of myelosclerosis in which the bone changes extended as far as the wrist and ankle joints. In addition, one of them showed a small periosteal reaction at the lower end of the femur. 10 case in the present series was first seen four years ago and the patient is still alive. I have not noted any periosteal new bone formation or accentuation of muscular insertion sites.
The following are some examples of the abnormalities found. The pelvic bones of a man of 65 years, who complained of weakness, dypsnoea and anorexia for two years show a generalized increase in density. Patchy areas of sclerosis are present in both ilia and in the upper femora, where trabeculation is coarse. Closer examination of the ischium and pubis, together with a normal control, reveals an amorphous increase in density with obliteration of the trabecular pattern. A generalized density affects all the ribs, the individual trabeculk being ill-defined. In the lower aspects of the scapula areas of sclerosis are present. The dorsal spine, in addition to some generalized increase in density, shows small central sclerotic areas. Patches of sclerosis and trabecular alteration are present in the upper humeri.
A woman of 61 years complained of symptoms of anmmia and discomfort, due to splenic enlargement, for two years prior to examination. In the pelvic bones, widening and coarsening of trabeculation are present and the enlarged splenic shadow is visible on the film. When compared with a normal control the trabecular alteration is more striking, especially in the femoral heads. The next patient, a woman of 48 years complained of symptoms, due to aneemia and splenomegaly, for only two months before her X-ray examination. The bone texture of the vertebral bodies is obviously abnormal. Trabeculation is coarse and ill-defined, but the increased density is a little more marked close to the cartilaginous plates, giving a "sandwich effect". Fig. lB shows this appearance in one of the vertebral bodies, together with a normal control (Fig. 1A) . Schinz et al., (1951) referred to this type of change in myelosclerosis. It is, however, a more marked feature of osteopetrosis and I have seen it in a case of healing osteomalacia, but in these diseases other distinguishing features are present.
A woman was admitted for treatment of pyelitis. An enlarged spleen was noted and blood examination suggested the possibility of myeloid leuk&emia. The sternum was so sclerosed that marrow could not be aspirated, so myelosclerosis was considered probable. A bone biopsy confirmed this diagnosis and the specimen showed marked increase in the size and irregularity of trabeculation. Skeletal survey films show generalized increased density of the pelvic bones and there are ill-defined sclerotic areas present in the right upper femur. The granularity and loss of trabecular pattern is noted in the ischium and pubis ( Fig. 2A ) when compared with a normal control of the same region (Fig. 2B ). In the femoral neck (Fig. 3) r there is increased prominence of the weight-bearing trabecule. The upper humerus (Fig. 4) , also shows hazy sclerosis with disordered trabeculation and ill-defined areas of porosis are also present. The appearance here could possibly be confused with metastatic deposits if complete skeletal films were not examined. The next case also shows changes mimicking secondary deposits. Small dense areas are present in the centres of the vertebral bodies (Fig. 5 ). Similar areas of increased density are also present in the lower humerus (Fig. 6 ). The remaining skeletal films of this case show changes more indicative of myelosclerosis than metastases.
Splenomegaly is found in all cases, but in considering the differential diagnosis we must remember that splenic enlargement is also associated with bone changes in many other conditions.
In myelosclerosis the internal architecture of the bones may be altered in varying degrees so that radiological changes may be absent, slight or marked depending on the amount of new bone deposition upon the trabecule. The symptoms of the disease appear to depend on the extent of marrow fibrosis and the effectiveness of extra-medullary hematopoietic activity. Full skeletal survey films to include the skull should be done in all cases where sternal marrow aspiration proves impossible and whenever an enlarged spleen, together with in the centres of the vertebral bodies.
any alteration in the bone texture, is noted in a patient past middle age. Control films should be used if necessary. When changes such as I have described are found, the case is probably one of myelosclerosis.
